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Pesrome

[Tpo6iema BUY-undexiiuu He TepsieT CBOeH aKTyaJIbHOCTH JI0 HACTOSIIIETO
Bpemenu. B 2022 roxy 630 000 udenoBek ymepiu U 1,3 MUUIMOHA YEIOBEK
3apa3wimch BUpycoM uMMyHonmedummra uenoBeka (BUY). YV BUY-
WHOUIMPOBAHHBIX HWH(MEKIMOHHbIE 3a00JIeBaHMsI Pa3BUBAIOTCS Yallle, YeM Y
3I0POBBIX JIML, BO30YIHUTEISIMH KOTOPBIX SBISIOTCS B OCHOBHOM YCJIOBHO-
naTOreHHble MHUKpoopranu3mbl. OCHOBHBIM B030yauTeneM mHeBMoHun y BHY-
WHQUIIMPOBAHHBIX sBIIETCs Streptococcus pneumoniae. Jlns mpeaoTBpamicHUs
pa3BUTUSL TSKENbIX (OpPM MHEBMOKOKKOBOM IMHEBMOHUU M TPEOJIOJICHUS
AHTUOMOTHUKOPE3UCTEHTHOCTU pa3pabO0TaHbl BAaKI[MHBI, COJAEPKALIUE aHTUTEHBI U3
Karncyasl S.pneumoniae. Co3mgaHbl M aKTHBHO MPHUMEHSIOTCS B KIMHHYECKOW
IIPaKTUKE MHEBMOKOKKOBbIE mnonucaxapuaneie (IIIIB) u NHEBMOKOKKOBBIE
KoHblorupoBaHHbie BakiuHbl (IIKB). OnHako He 00HapyKeHO TAHHBIX O BIUSHUU
[IKB13 Ha kJIeTKM UMMYyHOJOTHYECKOW mamsiTu. Llenpio maHHOTO McclaeAoBaHUA
aBisieTcsl u3ydeHnue BiausaHus Bakiuaauu [IKB13 Ha ummyHHyto cuctemy y BUU-
MH(UIMPOBAHHBIX JiMll. Matepuansl 1 MeToJIbl. B nccneqoBanne ObLTM BKIIOYEHBI
200 6ompHBIXx BUY-undexnueii, kKoTopble ObUIH pa3feieHbl HA IBE TPYNIbL: 1 -
nonyuuBmas 103y [IKB13 (n=100) u koutponbhas (n=100). Bo Bpemsi nepBoro
BU3UTa OBUIM MPOBEAEHbl HMMYHOJOTHMUYECKHME U  MHUKPOOMOJIOTHYECKHE
UCCIIEeN0BaHNs. BO BTOpPOM BM3HUT OCYILECTBIAJIOCH BBEICHUE B JACIBTOBUIHYIO
mpiny [IKB13. Tperuidd Bu3uT ObUT BBINONHEH 4epe3 | roja, MOBTOPHO
OPOBOAMIUCHE HMMMYHOJIOTUYECKOE M  MHUKPOOMOJIOIMYECKOe HCCIEIOBAHUS.
VYyacTHUKHM ObUIM pa3zesieHbl Ha 4 MOArpyNIbl B 3aBUCUMOCTH OT ypoBH CD4+
KJIETOK. MUKpOOHOJOTHYECKOe HUCCIIEeI0BaHUE MPOBOAMIOCH B Ma3Ke C 3aJiHEl
CTeHKH INIOTKHU. Pe3ynbratel. [Ipu mpoBeeHu UMMYHOJIOTHYECKOT0 00CIe0BaHNUs
Ha BU3UTE | ObUIM BBISBIEHBI OTKJIOHEHHS BO BCEX M3YUYEHHBIX MNOMYJSLUUAX U
CcyOonmomyssusx KJIETOK HMMYHHOM cuctembl. Yepe3 12 wmecsueB mnocne

BakiuHaiuu Menuana ypoBHs CD3+CD4+ u CD45RO+ mumdornuToB B



MMMYHHM3APOBAHHOU IPyNIE CTaja BbIIIE JOBAKIMHAIBHOIO YPOBHS, B OTJIIMYHE OT
KOHTPOJIBHOM IPYMIIbI, B KOTOPOM 3HAYEHUS CTATUCTUYECKU HE H3MEHUIUCh. Hamm
JaHHbIE MTOATBEPKAAIOT UMMYHOJIOTHUYECKY10 3¢ dexTuBHOCTh BBeaeHus [IKB13 y
BUY-unduumpoBaHHblx mauueHToB. Y OonbHbIX ¢ gedumurom CDI19+
AMMQPOLUTOB B MNEPUPEPUUECKON KpPOBU BBISBICHO YBEJIWYEHUE YaCTOTHI
BbIenieHus: Mukpoopranuzma (p=0,003). 3akmouenue. Takum 06pa3oM, B CBA3H C
BBICOKHM PUCKOM pPa3BUTHS THEBMOKOKKOBOI nmHeBMOHUN BUY-uHpumpoBanubie
OOJNbHBIE JIOJDKHBI OBITh BaKIMHUPOBAaHbI 13-BaJIECHTHOM ITHEBMOKOKKOBOM

KOHBIOTMPOBAHHOMN BaKIMHOU.

KmoueBbie cinoBa: BUU-undexmus, [TKB13, Streptococcus pneumoniae,

BaKNMHaIlKs, IIHEBMOKOKKOBAs ITHCBMOHMS.



Abstract

Until recently, HIV infection does not lose its relevance. In 2022, 630,000
people died and 1, 3 million people became infected with the human
immunodeficiency virus (HIV). HIV-positive persons develop more infectious
diseases than healthy people do; the causative agents are mainly opportunistic
microorganisms. Streptococcus pneumoniae is the main causative agent of infection
in the lungs in HIV-infected persons. In order to prevent the development of severe
pneumococcal infections and to overcome antibiotic resistance, vaccines have been
developed. There are polysaccharide (PPV) and conjugate (PCV) vaccines.
According to clinical recommendations, vaccination of previously unvaccinated
HIV-infected patients is carried out regardless of T-helper cell level. However, no
data were found on the effect of PCV13 on immunological memory cells. The
purpose of this study is to assess an effect of PCV13 vaccination on the immune
system in HIV-infected subjects. Materials and Methods. The study included 200
patients with HIV infection, which were divided into two groups: 1 - received a dose
of PCV13 (n=100) and control group (n=100). During the first visit, immunological
and microbiological studies were carried out. On the second visit, a PCV13 was
injected into the deltoid muscle. The third visit was made a year later, where
immunological and microbiological studies were repeated. Participants were divided
into 4 subgroups depending on CD4+ T cell level. The microbial study was done
using a swab collected from the back of the throat. Results. During the
immunological examination at visit 1, abnormalities were detected in all examined
populations and immune cell subsets. At 12 months post-vaccination, the median
levels of CD3+CD4+ and CD45RO+ T lymphocytes in the immunized group were
higher than pre-vaccination levels compared to control group, in which the values
changed insignificantly. Our data confirm the immunological effectiveness of
PCV13 administration in HIV-infected patients. In patients with peripheral blood
CD19+ lymphocyte deficiency, had increased microbial detection rate (p=0.003).



Conclusion. As a result, due to the high risk of pneumococcal pneumonia, HIV-
infected patients should be immunized with a 13-valent pneumococcal conjugate
vaccine.

Keywords: HIV-infected; PCV13; Streptococcus pneumoniae; vaccination;

pneumococcal pneumonia.



10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

27

28

1 Introduction
1 Backgrounds

In 2022, 630,000 people died and 1.3 million people became infected with the
human immunodeficiency virus (HIV), and there are 39 million people living with
HIV (PLHIV) in the world [14]. In the Russian Federation in 2022, 63 150 new cases
of infection were detected, 34 410 people died, which is 0.9% more than in 2021 [6].

The causative agents of infectious diseases in PLHIV are opportunistic
microorganisms [11]. In 25-60% of HIV-infected patients, lung damage of
infectious origin (tuberculosis, pneumocystis and bacterial pneumonia) is observed
[3]. The most common causative agents of community-acquired pneumonia are S.
pneumoniae (up to 20%), H. influenzae (10-15%) and S. aureus (5-10%). Pneumonia
caused by Mycoplasma pneumoniae and Clamydia pneumoniae also occurs, but is
quiterare [1, 2, 4,5, 7, 9].

To prevent the development of severe forms of pneumococcal infections and
to overcome antibiotic resistance, vaccines have been created. Polysaccharide (PPV)
and conjugated (PCV) pneumococcal vaccines have been developed. The 13-valent
conjugate pneumococcal vaccine contains antigens from thirteen serotypes of
pneumococcus, and the 23-valent polysaccharide vaccine contains from twenty-
three serotypes. [7]. PCV13 contains polysaccharide antigens conjugated to a carrier
protein (diphtheria toxoid CRM197). This binding of molecules allows one to attract
T-lymphocytes to the site of inflammation and increase the effectiveness of the
immune response. PCV13 is approved for use in children from 6 months of age; it
reduces the carriage of pneumococcus on the mucous membrane of the upper
respiratory tract and does not require repeated administration in adults.

According to clinical recommendations, vaccination of HIV-infected against
pneumococcus, who have not been previously vaccinated, is carried out regardless
of the level of T-helpers. Previously unvaccinated people are given PCV13, no

earlier than 8 weeks later PCV23 is given, after 5 years PCV23 is revaccinated [8].
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Several studies have been conducted to evaluate the effectiveness of PCV13
in HIV-infected adults. Research carried out at the University Hospital of Reims to
determine the immunological efficacy of PCVV13 in PLHIV. As a result was found
that a single vaccination leads to a positive immunological response and protection
1 month after vaccination in a group of patients with an initial CD4+ level of 200
cells/ul and a CD4+ ratio /CD8+ more than 0.8. After 6 and 12 months, the
percentage of protected patients decreases. In addition, after vaccination with
PCV13, an increase in the opsonophagocytic reaction of anti-pneumococcal
antibodies was noted [12].

A study from South Korea examined the effectiveness of PCV13 in PLHIV
depending on baseline T-helper cell levels [13]. A lower immune response to the
vaccine was found in individuals with a T-helper cell count of less than 350 cells/uL.
In addition, lower levels of specific IgG were reported in this group.

A meta-analysis that included 28 cohort studies and 11 randomized clinical
trials examined the effectiveness of different pneumococcal vaccination regimens
[10]. The immunological effectiveness of PCV13 administration has been
demonstrated. At the same time, multiple vaccination led to only a slight increase in
IgG and was not economically effective.

Limitations of the different studies include the absence of information about
the effect of PCV13 administration on immunological memory cells. In addition, the
main attention was paid to the assessment of the T-cell component of immunity and
the effect on B cells was not presented. However, it is B-lymphocytes produce
antibodies, which are a key link in the fight against pneumococcus.

The purpose of the study is to evaluate the immunological efficacy of
PCV13 vaccination in HIV-infected people.

2 Materials and methods
In the study were included 200 HIV-infected people, which were divided into

two groups: 1 - received a dose of PCV13 (n=100) and control (n=100).
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For the entire period of the study, for patients were planned 3 visits. At the
first visit, the following studies were performed: microbiological examination of a
smear from the posterior pharyngeal wall, immunological examination of peripheral
blood (determination of CD3+CD4+, CD19+, CD45R0O+ lymphocytes). The second
visit was only for the immunized group, where PCV13 was injected into the deltoid
muscle. The third visit was performed after 12 months, immunological and
microbiological studies were repeated.

Determination of populations and subpopulations of lymphocytes was carried
out by flow cytometry. Depending on the level of CD4+ cells (T-helpers), the
participants were divided into 4 subgroups: 1st - from 50 to 199 cells/ul of blood
(immunized group n=19, control group n=25); 2nd — 200-349 cells/ul (immunized
group n=20, control group n=14); 3rd - 350-499 cells/pl (immunized group n=17,
control group n=21); 4th - 500 or more cells /ul. (immunized group n=44, control
group n=40).

To conduct a microbiological study, a smear was taken from the posterior
pharyngeal wall. The biomaterial was seeded on the following media: media: 5%
blood agar, chocolate agar, Sabouraud's medium, universal chromogenic media. The
isolated strains were identified by matrix-activated laser desorption/ionization time-
of-flight (MALDI-ToF) mass spectrometry.

Statistical data processing was carried out using the Statistica 13.0 program
(STATSOFT, USA; license 2883). All the studied samples were distributed
abnormally, so non-parametric statistics methods were applied to their study. The
results were considered statistically significant if the significance level (p) was less
than 0.05.

3 Results and its discussion

At the first visit, the following median lymphocyte levels were obtained in

vaccinated patients (Figure 1). The median level of T-helpers in those examined in

the 1st subgroup was 115 cells/pl, in the 2nd subgroup - 254.5 cells/pl, in the 3rd
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subgroup - 421 cells/ul, in the 4th subgroup - 663, 5 cells/ul. At the 3rd visit, there
was an increase in the 1st subgroup up to 205 cells/pl (p=0.001), in the 2nd one - up
to 377 cells/ul (p=0.001), in the 3rd one - up to 478 cells/pl (p=0.004) and in the 4th
- up to 735 cells/pl (p=0.096).

The dynamics of changes in the number of B-lymphocytes in all the studied
subgroups had no statistical significance. At the same time, a statistically significant
increase in the number of cells involved in the mechanisms of immunological
memory (CD45RO+ lymphocytes) was registered in vaccinated PLHIV. The value
of the median level of CD45RO+ lymphocytes in the first subgroup increased from
556 cells/pl at visit 1 to 623 cells/pl at visit 3 (p=0.030); in the second subgroup
from 778.5 cells/ul to 818 cells/ul (p=0.028); in the third subgroup from 701 cells/ul
to 749 cells/ul (p=0.022); in the fourth subgroup, from 848 cells/pl at the 1st visit to
924 cells/pl at the 3rd visit (p=0.01).

Participants in the control group showed no statistically significant changes in
the median levels of CD3+CD4+, CD19+, CD45R0O+ lymphocytes in all four
subgroups. The dynamics of changes in the content of T-helpers in peripheral blood
was: in the examined in the 1st subgroup - from 102 cells/ul to 118 cells/ul (p =
0.322), in the 2nd - from 293.5 cells/ul to 372, 5 cells/pl (p=0.164), in the 3rd
subgroup - from 432 cells/pl to 421.5 (p=0.446), in the 4th subgroup from 640
cells/ul to 634 cells/ul (p=0.326).

A similar trend was found when assessing the median of B cells: in the first
subgroup from 126 cells/ul to 107 cells/ul (p=0.717), in the second subgroup - from
117 cells/ul to 135 cells/pl (p= 0.808). In addition, there were no statistically
significant differences in the change in the level of median immunological memory
cells. In the 1st subgroup, their value decreased from 564 to 499.5 cells/ul (p=0.478),
in the 2nd, 3rd and 4th subgroups it increased from 706.5 to 743.5 cells/ul (p
=0.520), from 640 to 758.5 cells/ul (p=0.542), from 864 to 884.5 cells/ul (p=0.412),

respectively.
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When conducting a statistical analysis, a correlation was found between the
level of B-cells in the peripheral blood and the detection of pneumococcus on the
mucous membrane of the upper respiratory tract. In those examined with a
deficiency of CD19+ lymphocytes in the peripheral blood, an increase in the
frequency of isolation of the microorganism was found (p=0.003).

Thus, the obtained data correlate with literary sources and confirm the
immunological effectiveness of PCV13 administration [10, 12, 13]. A pronounced
stimulation of the cellular link of the immune system was revealed, which was
expressed in a statistically significant increase in the level of T-helpers in those
examined with a CD3+CD4+ deficiency at the time of the start of the study. It is
important to note that immunization led to an increase in the number of
immunological memory cells, which demonstrates the effectiveness of the
vaccination. At the same time no statistically significant differences were found in
the control group.

4 Conclusion

Thus, the introduction of a 13-valent pneumococcal conjugate vaccine to

HIV-infected patients causes immunological effects and can effectively reduce the

risk of infections caused by S. pneumoniae.
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Figure 1. The value of the median parameters of the immunogram in patients of the
immunized group at visits 1 and 3.
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Figure 2. The value of the median of immunogram parameters in patients of the
control group at visits 1 and 3.
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